Evaluation of Anti-seismic Performance of Honganji Water Supply Pipeline When it is Rehabilitated by Pipe-in-Pipe Method using PE Pipe by 片桐, 信 & 荒川, 昭治
1ᱧผㇺᏒ㒐ἴ⺰ᢥ㓸 Vol. 6㧔2012ᐕ7᦬㧕 ޣ⺰ᢥޤ
2'▤2KRGKP2KRGᎿᴺߢ▤〝ᦝ↢ࠍⴕߞߚ႐วߩ
ᧄ㗿ኹ᳓㆏ߩ⠴㔡ᕈ⢻⹏ଔ
Evaluation of Anti-seismic Performance of Honganji Water Supply Pipeline  
When it is Rehabilitated by Pipe-in-Pipe Method using PE Pipe 
 ᩿ ା1࡮⨹Ꮉᤘᴦ2
Shin Katagiri and Shoji Arakawa 
1៨ධᄢቇಎᢎ᝼ ℂᎿቇㇱㇺᏒⅣႺᎿቇ⑼㧔ޥ572-8508ᄢ㒋ᐭኢደᎹᏒᳰ↰ਛ↸17-8㧕
Associate Professor, Setsunan University, Dept. of Civil and Environmantal Engineering 
2ᩣᑼળ␠ᑪ⸳ᛛⴚ⎇ⓥᚲ ᄢ㒋ᧄ␠ ᛛⴚ⛔᜝ㇱ㧔ޥ541-0045㩷 ᄢ㒋ᐭᄢ㒋Ꮢਛᄩ඙㆏ୃ↸㧕
Technical Director, CTI Engineering Co., Ltd㪅
In this study, anti-seismic performance of Honganji water supply pipelines when it is rehabilitated by PE pipe pipe-in-pipe method is 
investigated. First, basic behavior and response of installed PE pipes under seismic wave is assessed by performing a numerical
analysis on the beam theory. On the basis of the results, a simple calculation model is examined to obtain the maximum PE pipe 
strain. Finally, anti-seismic performanze of a PE-pipeline installed in 4.6km length of Honganji water supply pipeline is calsulated by 
numerical simulations and introduced calculation model.
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੹ޔ߇ࠆ޿ߡߒቯ⸳ߣ2mm/N7410.0㨪8900.0ߡߓᔕߦߐ߆ࠄṖߩ㕙⴫▤ޔࠍ㧕ജ᛫ᛶᡂ៺ࠆߌฃࠄ߆⋚࿾㧔
ߚᒰⓍ㕙૏නߩ╬หߣജ᧤᜔ࠆߌฃࠄ߆⋚࿾ޔߪ▤ᄖߡߞ߇ߚߒޕߚߞ޽ߢ࿐▸ߩ╬ห߷߶ޔߪ୯ቯ᷹ߩ࿁
ޕࠆߥߦߣߎࠆߌฃࠄ߆▤ౝࠍജ᛫ᛶᡂ៺ߩࠅ
ቯ⸳ߩᕈ․ᚻ⛮▤ᄖߚߒᘦ⠨ࠍ᛫ᛶᡂ៺ߩߣ▤ౝ

ޔࠅ߅ߡࠇߐᚑ᭴ߢ▤㋕㍌ߩ⵾ࠬࡦ࡜ࡈޔߪ㆏᳓ኹ㗿ᧄ
ᐢߡߒߣ↪㆏᳓਄࿷⃻ޔߛߚޕࠆ޽ߢ᣿ਇߪㅧ᭴ᚻ⛮ߩߘ
ߒ੺ࠍベࡓࠧߦ߁ࠃߩ▤㋕㍌࡞ࠗ࠲ࠢ࠳ࠆ޿ߡࠇߐ↪૶ߊ
ᚻ⛮߁ࠈශߥ߁ࠃࠆࠇߐ␜଀ߦ2⌀౮ޔߊߥߪߢㅧ᭴วធߚ
ᝌߩ▤ޔߪㅧ᭴ߩߎޕࠆࠇߐኤផߣࠆ޽ߢㅧ᭴ࠆࠇ߫๭ߣ
ฃߣᏓ㤗ޔߒ౉ᝌߦౝญߌฃߡߌߟ߈ᏎࠍᏓ㤗ߦ┵వญߒ
ޔว႐ߩߎޕࠆ޽ߢᴺᣇ⛯ធࠆߔႯలࠍ㋦ߦ㑆ߩㇱ┵ญߌ
ߔ⓭ⴣߦㇱౝญߌฃ߇ㇱ┵ญߒᝌߪߦ㓙߻ㄟߒ᛼ࠍㇱᚻ⛮
ޔߦࠄߐޕࠆࠇࠄ߃⠨ߣ޿ૐߪജ᛫ᛶߪߦว႐ߊᛮᒁޔ߇ࠆ
ߩ࡞࠲࡞ࡕႯల
ᜬᡰࠍㇱ┵
ߦㇱ┵਄▤ EP
ࠆ߃ਈࠍ૏ᄌ
㛎ታቯ᷹ജ᛫ᛶ㑆࡞࠲࡞ࡕ-▤EP 1 ⌀౮
㤗 ㋦
ㅧ᭴ߩᚻ⛮߁ࠈශ 2 ⌀౮
ജ᛫ᛶᡂ៺ᄢᦨ 2 ࿑
㪇㪇㪇㪅㪇
㪉㪇㪇㪅㪇
㪋㪇㪇㪅㪇
㪍㪇㪇㪅㪇
㪏㪇㪇㪅㪇
㪇㪈㪇㪅㪇
㪉㪈㪇㪅㪇
㪋㪈㪇㪅㪇
㪍㪈㪇㪅㪇
㪏㪈㪇㪅㪇
㪇㪉㪇㪅㪇
㪇㪅㪊 㪇㪅㪉 㪇㪅㪈 㪇㪅㪇
㪀㫄㫄㩿૏ᄌ❗࿶䈱ᤨജ᛫ᛶᡂ៺ᄢᦨ
៺
ᡂ
ᛶ
᛫
ജ
㪥㩿
㫄㪆
㫄
㪀 㪉
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4ᧄ㗿ኹ᳓㆏ߩ႐วޔᏓ⸳ᓟߩ⚻ㆊᐕᢙ߇㐳޿ߚ߼㤗Ꮣ߇ഠൻߒޔᒁᛮ߈ᛶ᛫ജߪߐࠄߦૐߊߥߞߡ޿ࠆߣ⠨
߃ࠄࠇࠆޕ
ߘߎߢޔPE▤Pipe-in-PipeᎿᴺߢᦝ↢ߒߚᧄ㗿ኹ᳓㆏▤〝ߩ
⛮ᚻㇱᒁᛮ߈ᛶ᛫ߪޔౝ▤ߣలႯࡕ࡞࠲࡞ߣߩ៺ᡂᛶ᛫ߦࠃ
ࠅ⊒⃻ߔࠆߣ઒ቯߒߚޕలႯࡕ࡞࠲࡞߆ࠄౝ▤ߢ޽ࠆPE▤ࠍ
ᒁᛮߊ㓙ߩᛶ᛫ജߣᒁᛮ߈ᄌ૏ߩ㑐ଥߪޔࠟࠬᜰ㊎ߦḰ᜚ߒޔ
࿑3ߩࠃ߁ߦᮨᑼൻߐࠇࠆޕᄖ▤⛮ᚻㇱߩિ߮಴ߒ㊂ߪޔ2Ǭ
ߦ⋧ᒰߔࠆޕ࿑ਛߩ⻉㊂ߩ㑐ଥߪࠟࠬᜰ㊎ࠃࠅޔᑼ㧔1㧕ߢ
ਈ߃ࠄࠇࠆޕ
2
2 F
D A E
G S W    
ߎߎߢޔD㧦ౝ▤ߩᄖᓘޔ A㧦ౝ▤ߩᢿ㕙Ⓧޔ E㧦ౝ▤ߩᒢᕈଥᢙߢ޽ࠆޕ๭߮ᓘǾ300mmߩ㍌㋕▤ౝ
ߦ⸳⟎ߔࠆౝ▤ߣߒߡޔᧄ⎇ⓥߢߪන⁛▤ߣߒߡၒ⸳ߐࠇߚ⁁ᘒߢߩ⠴㔡ᕈ⢻߇⏕⹺ߐࠇߡ޿ࠆᣣᧄ᳓㆏ද
ળ㧔JWWA㧕ⷙᩰߩ๭߮ᓘǾ200mmPE▤㧔D =250mmޔ A =16209.7mm2ޔE =1000N/mm2㧕ࠍኻ⽎ߣߔࠆޕ
ᧄ᧦ઙߢ㧔1㧕ᑼࠃࠅᓧࠄࠇࠆ 2G 㧔⛮ᚻᒁᛮ߈㊂㧕㧙 F 㧔ᛶ᛫ജ㧕㑐ଥߣޔߘࠇࠍࡃࠗ࡝࠾ࠕㄭૃߒߚ⛮
ᚻᒁᒛࠅ․ᕈࠍ࿑ 4(a)ߦ␜ߔޕ๟㕙៺ᡂജ㧦W ߦߟ޿ߡߪޔౝ▤߇ᄖ▤ౝߦ⌀⋥ߋߦ⸳⟎ߐࠇߥ޿ߎߣࠍ⠨
ᘦߔࠆߚ߼ߦޔࠟࠬᜰ㊎ߩಽጘ߿⛮ᚻᒛࠅ಴ߒߩ޽ࠆ႐วߩ࿾⋚᜔᧤ജߩഀࠅჇߒଥᢙࠍណ↪ߒޔ࿑ 2ߩታ
㛎୯ߩᦨᄢ୯ࠍ 2 ୚ߒߚ୯㧦0.0334N/mm2ࠍណ↪ߒߚޕᄖ▤ߩ⛮ᚻ߇㔌⣕ߔࠆ႐วޔలႯࡕ࡞࠲࡞߇ᛶ᛫ߔ
ࠆߣ⠨߃ࠄࠇࠆ߇ޔᧄᎿᴺߢណ↪ߒߡ޿ࠆలႯࡕ࡞࠲࡞ߪᒝᐲ߇ᦼᓙߐࠇߡ޿ࠆ߽ߩߢߪߥߊޔᒁᒛࠅᒝᐲ
ߪᭂ߼ߡૐ޿ޕߒߚ߇ߞߡޔߘߩᛶ᛫ജߦ㑐ߒߡߪήⷞߒߡ޿ࠆޕ
⛮ᚻ᛼ߒㄟߺ․ᕈߦߟ޿ߡߪޔ0.5mmߩ᛼ㄟߺߢᝌߒญ߇ฃߌญౝߦⴣ⓭ߔࠆߣ⠨߃ޔห࿑(b)ߩࠃ߁ߦ⸳
ቯߒߚޕᦛߍ․ᕈߦߟ޿ߡߪਇ᣿ߢ޽ࠆߚ߼ޔNTTߩ㍌㋕▤⛮ᚻߩ․ᕈ3)ࠍෳ⠨ߦห࿑(c)ߩࠃ߁ߦ઒ቯߒߚޕ
㧔a㧕ᒁᛮ߈․ᕈ        㧔b㧕᛼ߒㄟߺ․ᕈ        㧔c㧕ᦛߍ․ᕈ
࿑4 ౝ▤߇޽ࠆ႐วߩᧄ㗿ኹ᳓㆏⛮ᚻ․ᕈߩ⸳ቯ

࿾㔡ᵄേࠍฃߌࠆᄖ▤ߣౝ▤ߩ᜼േ⸃ᨆ
 ࿑4ߦ␜ߔ⛮ᚻ․ᕈࠍ᦭ߔࠆ㍌㋕▤㧔ᄖ▤㧕߇࿾㔡ᵄേࠍฃߌࠆ᜼േࠍ⸃ᨆߒޔ▤〝ߩᄌ૏ಽᏓࠍ▚಴ߔ
ࠆޕᰴߦޔᓧࠄࠇߚᄖ▤ᄌ૏ࠍ౉ജߣߒߡޔలႯࡕ࡞࠲࡞㧙ౝ▤㑆ߩ៺ᡂᛶ᛫ࠍ⠨ᘦߒߚ⸃ᨆߦࠃࠅౝ▤ߩ
߭ߕߺಽᏓࠍ▚಴ߔࠆޕ
C࿾㔡ᵄേߩ⸳ቯ
 ᳓㆏ᣉ⸳⠴㔡Ꮏᴺᜰ㊎4)㧔એਅޟ᳓㆏ᜰ㊎ޠߣ⒓ߔ㧕ߢߪޔ▤ゲ㧔࿾⴫㕙㧕ߦኻߒߡ45ᐲߩ౉኿ⷺࠍ᦭ߔ
ࠆᱜᒏᵄࠍ࿾㔡ᵄേߣߒߡᗐቯߒߡ޿ࠆޕߘߩᵄ㐳ߣᝄ᏷ߪޔ⴫ጀ࿾⋚ߩN୯ߣ⴫ጀ࿾⋚ෘߦࠃࠅቯ߹ࠆޕ
ᧄ▵ߢߩ⸃ᨆߪޔᄖ▤⛮ᚻߩિ❗㊂ߣౝ▤߭ߕߺߣߩኻᔕ㑐ଥࠍ⺞ߴࠆߎߣࠍ⋡⊛ߣߒߡ޿ࠆߚ߼ޔ࿾㔡ᵄ
േߦࠃࠆ࿾⋚߭ߕߺ߇ᦨᄢߣߥࠆ᧦ઙࠍ⸳ቯߒߚޕ࿑5ߪN୯ࠍ㧝㨪20ޔ⴫ጀ࿾⋚ෘࠍ5m㨪50m߹ߢᄌൻߐ
ߖߡᓧࠄࠇࠆ࿾㔡ᵄേߩᵄ㐳ߣ࿾⋚߭ߕߺߩ㑐ଥࠍ␜ߒߡ޿ࠆޕ࿾⋚߭ߕߺߩᦨᄢߪ0.62%㧔࿑ਛغශ㧕ߢޔ
࿑ 3 ౝ▤ᒁᛮ߈ᤨߩᛶ᛫ജࡕ࠺࡞
F
㱠
L㱐
㧔1㧕
ࡃࠗ࡝࠾ࠕㄭૃ
㪇
㪌㪇
㪈㪇㪇
㪈㪌㪇
㪉㪇㪇
㪉㪌㪇
㪇 㪈㪇 㪉㪇 㪊㪇 㪋㪇 㪌㪇
ᒁᛮ䈐㊂㩿㫄㪀
ᛶ
᛫
ജ
㩿㫂
㪥㪀
㪇
㪉㪇㪇㪇
㪋㪇㪇㪇
㪍㪇㪇㪇
㪏㪇㪇㪇
㪈㪇㪇㪇㪇
㪈㪉㪇㪇㪇
㪇 㪇㪅㪇㪇㪉 㪇㪅㪇㪇㪋
ᦛ䈕ⷺᐲ㩿㫉㪸㪻㪀
䊝
䊷
䊜
䊮
䊃䋨
㫂㪥
䊶㫄
㫄
㪀
㪇
㪌㪇
㪈㪇㪇
㪈㪌㪇
㪉㪇㪇
㪇 㪈 㪉 㪊 㪋 㪌
᛼䈚ㄟ䉂㊂㩿㫄㪀
ᛶ
᛫
ജ
㩿㫂
㪥㪀
ࡃࠗ࡝࠾ࠕㄭૃ
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5ߘߩ㓙ߩᵄ㐳ߪ100mޔᝄ᏷ߪ0.28mߢ޽ߞߚޕ
D㧕ᄖ▤ߩ᜼േ
ᄖ▤ࡕ࠺࡞ߩ▤〝ో㐳ߪ141mߣߒޔ▤〝ਛᄩߦᦨᄢᒁ
ᒛࠅ߭ߕߺ߇↢ߓࠆ૏⋧ߢ࿾⋚ᄌ૏ࠍਈ߃ߚޕ▤1ᧄߩ㐳
ߐ߇ਇ᣿ߢ޽ࠆߩߢޔ⃻࿷ߩ㍌㋕▤ߩᮡḰ㐳ߐߢ޽ࠆ
5.5mߦ⸳ቯߒߚޕ▤〝ߩਔ┵ߪ࿾⋚ᄌ૏߇࠯ࡠߣߥࠆߩ
ߢޔ▤〝ਔ┵ߩ᜔᧤᧦ઙߪ࿾⋚ߦ࿕ቯߣߒߡ޿ࠆޕ⸃ᨆ
ߪޔᒢᕈᐥ਄ߩߪࠅℂ⺰ߦၮߠߊ࿾ਛ▤〝ߩ᜼േ⸃ᨆࡊ
ࡠࠣ࡜ࡓERAUL5)ࠍ↪޿ߚޕ
ᄖ▤ߩᄌ૏ಽᏓࠍ࿑6ߦޔᄖ▤⛮ᚻߩિ❗㊂ಽᏓࠍ࿑7
ߦ␜ߔޕ▤〝ਛᄩߩᄖ▤⛮ᚻߩᦨᄢિ߮಴ߒ㊂ߪ49.8 mm 
ߢ޽ߞߚޕ
E㧕ౝ▤ߩ᜼േ
࿑6ޔ࿑7ߩࠃ߁ߦᓧࠄࠇߚᄖ▤ᄌ૏ࠍ౉ജߣߒߡޔౝ
▤߳ߩ߭ߕߺಽᏓࠍ▚಴ߒߚޕలႯࡕ࡞࠲࡞㧙ౝ▤㑆ߩ
⋧੕૞↪ࠍ⴫ߔ࿾⋚߫ߨߦߟ޿ߡߪޔᦨᄢ᜔᧤ജ㧔ᦨᄢ
៺ᡂജ㧕ࠍਛૐ࿶ࠟࠬዉ▤⠴㔡⸳⸘ᜰ㊎ߢⷙቯߐࠇࠆ▤
〝㧙࿾⋚㑆ߩᮡḰ࿾⋚᜔᧤ജ㧔0.0098N/mm2㧕ࠍၮḰߦޔ
ߘߩ0.5୚ޔ1.0୚ޔ2.0୚߅ࠃ߮5.0୚ߣᄌൻߐߖޔߎࠇࠍ
ࡄ࡜ࡔ࡯࠲ߣߒߚ߭ߕߺಽᏓࠍ▚಴ߒߚޕߎߩᤨޔలႯ
ࡕ࡞࠲࡞ߣᄖ▤ߩ㑆ߦߪ⋧ኻᄌ૏߇↢ߓߥ޿߽ߩߣ⠨߃
ߡ޿ࠆޕߎࠇߪޔ⣣㘩ߒߚᄖ▤ౝ㕙ߦኻߔࠆలႯࡕ࡞࠲
࡞ߩ‛ℂ⊛ߥ࿕⌕ജ߇㜞޿ߣ⠨߃ࠄࠇࠆߚ߼ߢ޽ࠆޕᄖ
▤⛮ᚻㇱ߇㔌⣕ߔࠆ႐วޔࡕ࡞࠲࡞ߦߪ⛮ᚻㇱߢᒁᒛࠅ
⎕უ߇↢ߓಽ㔌ߔࠆޕ
ౝ▤߭ߕߺಽᏓࠍ࿑8ߦ␜ߔޕ࿾⋚߭ߕߺߪ೨ㅀߩࠃ߁
ߦ0.62㧑ߢ޽ࠆޕPE▤߇⋥ធ࿾⋚ߦၒ⸳ߐࠇߡ޿ߚ႐วޔ
▤〝߭ߕߺߩᦨᄢ୯ߪ࿾⋚߭ߕߺએਅߣߥࠆޕᧄ⸃ᨆߩ
⚿ᨐޔలႯࡕ࡞࠲࡞㧙ౝ▤㑆ߩ៺ᡂജ߇ᮡḰ࿾⋚᜔᧤ജ
ߩ5.0୚ࠍ⿥߃ࠆߣޔౝ▤ߩ߭ߕߺߪ⋥ߦၒ⸳ߐࠇߚ⁁ᘒ
ࠃࠅ߽㜞ߊߥߞߡ޿ࠆޕ
㪇
㪇㪅㪈
㪇㪅㪉
㪇㪅㪊
㪇㪅㪋
㪇㪅㪌
㪇㪅㪍
㪇㪅㪎
㪇 㪈㪇㪇 㪉㪇㪇 㪊㪇㪇 㪋㪇㪇
ᵄ㐳䌌㩿㫄㪀
࿾
⋚
䈵
䈝
䉂
㱑
㩿䋦
㪀
࿑ 5 ࿾㔡ᵄേߩ⸳ቯ
㪄㪍㪇
㪄㪋㪇
㪄㪉㪇
㪇
㪉㪇
㪋㪇
㪍㪇
㪇 㪉㪇 㪋㪇 㪍㪇 㪏㪇 㪈㪇㪇 㪈㪉㪇 㪈㪋㪇
Ꮐ┵䈎䉌䈱〒㔌䋨䌭䋩
▤
૕
ᄌ
૏
㊂
䋨䌭
䌭
䋩
࿑ 6 ᄖ▤ߩᄌ૏ಽᏓ
㪄㪉㪇
㪇
㪉㪇
㪋㪇
㪍㪇
㪇 㪉㪇 㪋㪇 㪍㪇 㪏㪇 㪈㪇㪇 㪈㪉㪇 㪈㪋㪇
Ꮐ┵䈎䉌䈱〒㔌䋨䌭䋩
⛮
ᚻ
િ
❗
㊂
䋨䌭
䌭
䋩
࿑ 7 ᄖ▤⛮ᚻߩિ❗㊂ಽᏓ
ᮡḰ࿾⋚᜔᧤ജ䈫䈱Ყ₸
㪄㪇㪅㪉
㪇㪅㪇
㪇㪅㪉
㪇㪅㪋
㪇㪅㪍
㪇㪅㪏
㪇 㪉㪇 㪋㪇 㪍㪇 㪏㪇 㪈㪇㪇 㪈㪉㪇 㪈㪋㪇
Ꮐ┵䈎䉌䈱〒㔌䋨䌭䋩
▤
ゲ
ᣇ
ะ
䈵
䈝
䉂
䋨䋦
䋩
㪇㪅㪌 㪈㪅㪇 㪉㪅㪇 㪌㪅㪇
࿑ 8 ౝ▤▤ゲᣇะ߭ߕߺಽᏓ
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6㧟㧚ౝ▤ᦨᄢ߭ߕߺߩ◲ᤃ▚ቯᑼ
࿑8ߦ␜ߔࠃ߁ߦޔౝ▤ߩ߭ߕߺߪᄖ▤⛮ᚻߩિ❗㊂ߦࠃࠅቯ߹ࠅޔ߹ߚߘߩ㊂ߪలႯࡕ࡞࠲࡞㧙ౝ▤㑆
ߩᦨᄢ៺ᡂᛶ᛫ജߦࠃࠅᄌൻߔࠆޕ࿾㔡ᵄേࠍฃߌࠆᄖ▤⛮ᚻߩિ❗㊂ߦߟ޿ߡߪޔ࿾㔡ᵄേߦࠃࠆ࿾⋚߭
ߕߺ߇▚ቯߐࠇߚ႐วޔᢙ୯⸃ᨆࠍ↪޿ߥߊߣ߽㧘⋥✢▤〝ߢ޽ࠇ߫ਅ᳓㆏ᣉ⸳ߩ⠴㔡ኻ╷ᜰ㊎ߣ⸃⺑6)ߦ
␜ߐࠇࠆᑼ㧔2㧕ߦࠃࠅޔ◲ᤃ⊛ߦ▚಴ߔࠆߎߣ߇น⢻ߢ޽ࠆޕ
LG H 
ߎߎߢޔG 㧦⛮ᚻિ❗㊂ޔH 㧦࿾⋚߭ߕߺޔ L㧦▤1ᧄߩ㐳ߐߢ޽ࠆޕ
ߘߎߢޔᧄ┨ߢߪᄖ▤⛮ᚻߩિ❗㊂߆ࠄౝ▤ᦨᄢ߭ߕߺࠍ᭎⇛⊛ߦ▚಴ߔࠆ⸘▚ࡕ࠺࡞ࠍᬌ⸛ߔࠆޕ

ౝ▤ᦨᄢ߭ߕߺߩ◲ᤃ⸘▚ࡕ࠺࡞
 ᄖ▤ߩ⛮ᚻߩિ❗ߦኻߔࠆౝ▤ߩ᜼േߦߟ޿ߡߪ㧘࿾ഀࠇࠍኻ⽎ߣߒߚࠟࠬᜰ㊎ߩ⠨߃ᣇࠍၮḰߦߒ㧘࿑
9ߩࠃ߁ߦࡕ࠺࡞ൻߔࠆߎߣ߇ߢ߈ࠆ㧚࿑ਛߩG 㧦ᄖ▤⛮ᚻߩિ❗㊂ޔW 㧦లႯࡕ࡞࠲࡞ߣౝ▤㑆ߩ៺ᡂᛶ
᛫ജޔLP㧦៺ᡂᛶ᛫ജߩવ㆐▸࿐߅ࠃ߮ǭmax㧦ౝ▤ᦨᄢ߭ߕߺߢ޽ࠆޕᧄࡕ࠺࡞߆ࠄޔǭmaxߩ▚಴ᑼ߇ᑼ
㧔3㧕ߩࠃ߁ߦᓧࠄࠇࠆޕ
EA
D SWGH 2max
ߎߎߢޔD㧦ౝ▤ߩᄖᓘޔ A㧦ౝ▤ߩᢿ㕙Ⓧޔ E㧦ౝ▤ߩᒢᕈ
ଥᢙޔG ޔW 㧦೨ㅀߩߣ߅ࠅߢ޽ࠆޕ




ౝ▤ᦨᄢ߭ߕߺߩ◲ᤃ⸘▚ᑼߩᅷᒰᕈᬌ⸽
࿑10ߪޔ2┨㧔3㧕ߢ␜ߒߚ⹦⚦⸃ᨆߦࠃࠆౝ▤ᦨᄢ߭ߕߺߣޔᑼ㧔3㧕ࠍ↪޿ߡᄖ▤⛮ᚻߩિ❗㊂߆ࠄ▚
ቯߒߚౝ▤ᦨᄢ߭ߕߺࠍᲧセߒߡ޿ࠆޕ࿑ਛߩᢙ୯ߪޔలႯࡕ࡞࠲࡞ߣౝ▤㑆ߩ៺ᡂᛶ᛫ജ(W )ߩᮡḰ࿾⋚
᜔᧤ജ㧔0.0098N/mm2㧕ߦኻߔࠆᲧ₸ߢ޽ࠆޕ㧞┨ߢㅀߴߚታ㛎ߩ⚿ᨐޔW ߪ0.0068㨪0.0167N/mm2ߩ▸࿐ߢ
޽ߞߚޕౝ▤߇ᄖ▤ౝߦ⌀⋥ߋߦ⸳⟎ߐࠇߥ޿ߎߣࠍ⠨ᘦߒޔࠟࠬᜰ㊎ߩ▤〝ߦಽጘ߇޽ࠅ߆ߟ⛮ᚻㇱߦᒛ
಴ߒㇱ߇޽ࠆ႐วߩ࿾⋚᜔᧤ജߩഀࠅჇߒଥᢙ㧞ࠍ⠨ᘦߒߡ߽ޔ਄⸥ߩᲧ₸ߪ3.4ߢ޽ࠆޕߎߩ᧦ઙߢߪޔ
ᑼ㧔3㧕ߦࠃࠆౝ▤߭ߕߺߩ◲ᤃផቯ୯ߪ⸃ᨆ୯ߩ1.5୚⒟ᐲߣߥࠅޔᄢ߈߼ߩ୯ࠍਈ߃ㆊዊߥ୯ࠍ▚಴ߔࠆ
ߎߣ߇ߥߊޔ◲ᤃ⊛ߥផቯᑼߣߒߡߪᅷᒰߢ޽ࠆߣ⠨߃ࠄࠇࠆޕ
㧠㧚ᧄ㗿ኹ᳓㆏㍌㋕▤〝ߩᔕ╵⸃ᨆߣౝ▤ߩ቟ోᕈᾖᩏ
ᧄ┨ߢߪޔ4.6kmߦࠊߚࠆᧄ㗿ኹ᳓㆏3ᰴర㈩▤ࡕ࠺࡞ൻߒޔERAULࠍ↪޿ߚᢙ୯ߦࠃࠅᄖ▤ߢ޽ࠆ㍌㋕
▤⛮ᚻߩિ❗㊂ࠍ▚ቯߔࠆޕᰴߦޔ㧔3㧕ᑼߦࠃࠅౝ▤ߢ޽ࠆPE▤ߩᦨᄢ߭ߕߺࠍ▚಴ߒޔPE▤ߩ⸵ኈ߭ߕ
㧔2㧕
࿑ 9 ౝ▤߭ߕߺߩ⸘▚ࡕ࠺࡞
㱠
㪣㪧㪣㪧 㱑㫄㪸㫏
㱐
㧔3㧕
࿑10 ౝ▤ᦨᄢ߭ߕߺߩ⸘▚୯
㪇㪅㪇
㪇㪅㪌
㪈㪅㪇
㪈㪅㪌
㪇㪅㪇 㪇㪅㪌 㪈㪅㪇 㪈㪅㪌
◲ᤃᑼ䈮䉋䉎ౝ▤ᦨᄢ䈵䈝䉂䋨㩼䋩
⸃
ᨆ
䈮
䉋
䉎
ౝ
▤
ᦨ
ᄢ
䈵
䈝
䉂
䋨㩼
䋩
φ0.5
φ1.0
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φ5.0
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7ޕࠆߔଔ⹏ࠍᕈో቟ߩߘߢߣߎࠆߔセᲧߣߺ
ቯ⸳ߩേᵄ㔡࿾ജ౉

࿾3ㄭઃᯅᄢ᧦੖ࠆㅢ߇㆏᳓ኹ㗿ᧄޔߪߡ޿ߟߦേᵄ㔡࿾
᜚Ḱߦ㊎ᜰ㆏᳓ޔߦߣ߽ࠍ㧕11࿑㧔࠲࡯࠺ࠣࡦ࡝࡯ࡏߩὐ
ޕߚ߼ቯࠍ᏷ᝄߣ㐳ᵄߡߒ
ޔ)m(1.651㧦㐳ᵄޔ) s(46.1㧦ᦼ๟᦭࿕ߩ⋚࿾ޔᨐ⚿ߩ▚⸘
㧦ߺᱡ⋚࿾߮ࠃ߅)mc(52.33㧦㧕േ㔡࿾ 2 ࡞ࡌ࡟㧔᏷ᝄ૏ᄌ
ޔ߃⠨ߣࠆ޽ߢ⋚࿾᭽৻ߪၞ࿾⹥ᒰޔ߅ߥޕߚߞߥߣ)㧑(76.0
ޕ޿ߥ޿ߡߒᘦ⠨ߪᢙଥᐲ৻ဋਇߩ⋚࿾
ൻ࡞࠺ࡕߩ▤ᄖ

ߪゲ❑ߩ࿑ޕߔ␜ߦ21࿑ࠍ࡞࠺ࡕ▤㈩రᰴ3ߩ㆏᳓ኹ㗿ᧄ
ޔߦߣߏm5.5ߦౝ〝▤ᧄޕࠆ޿ߡߒ␜ࠍߐ㜞ߩࠄ߆ኹ㗿ᧄ᧲
േᵄ㔡࿾ߩ⸥਄ޕࠆ޿ߡߒ⟎㈩ࠍᚻ⛮ߚߒ␜ࠍᕈ․ߦ4࿑
54ߢ߹ᐲ081㨪ᐲ0ࠍⷺ኿౉ޔߡߒߣゲၮࠍゲxߩ21࿑ޔߪ
ᧄ᧲ߪߡ޿ߟߦ⋧૏ߩᵄ኿౉ޔߚ߹ޕߚߖߐൻᄌߢ㓒㑆ᐲ
ߐടჇᰴ㗅ߡߌะߦ਄なࠍภ⇟ὐ▵ޔߒߣ1ࠍὐ▵ߩኹ㗿
૏኿౉ߩേᵄ㔡࿾ߢ߹11ὐ▵㨪1ὐ▵ߩࠄࠇߎޕࠆ޿ߡߖ
ߖߐൻᄌࠍ⋧૏ജ౉ࠆߔኻߦ〝▤ޔߢߣߎࠆߖߐേ⒖ࠍ⟎
ޕࠆ޽ߢm5.06ߪ㓒㑆ߩ11ὐ▵㨪1ὐ▵ޕࠆ޿ߡ
ߺߕ߭ᄢᦨߩ▤ౝߣ㊂❗િߩᚻ⛮▤ᄖ

ߒ␜ࠍ㊂❗િᚻ⛮ᄢᦨߩᲤὐ▵኿౉ߩേᵄ㔡࿾ޔߪ31࿑
ജ౉ޕࠆ޽ߢmm94ߪ㊂ߒ಴߮િᄢᦨߩᚻ⛮▤ᄖޕࠆ޿ߡ
ࠇ޽ߢ〝▤✢⋥ޔࠄ߆ߣߎࠆ޽ߢm5.5߇ߐ㐳ߩᧄ1▤ޔࠅ޽ߢ㧑76.0ߪߺߕ߭⋚࿾ࠆࠃߦേᵄ㔡࿾ࠆ޿ߡߒ
኿౉ߪߢறㄭㇱᦛዮޔ߇ࠆߔ᦭ࠍㇱᦛዮߩߊᄙߪ㆏᳓ኹ㗿ᧄޕࠆߥߣmm58.63ߪ୯ᄢᦨߩ㊂ߒ಴߮િᚻ⛮߫
ߦะᣇ኿౉ߩേᵄ㔡࿾ޔࠇߐ⛯ធߦⷺ⋥ߦࠇߘޔߕߓ↢߇૏ᄌߪߦ〝▤ߩߘว႐ࠆߔ੤⋥߇ะᣇߩ〝▤ߣᵄ
ᄌߪᏓಽߩ㊂❗િᚻ⛮▤ᄖߡߓᔕߦⷺ኿౉ߩേᵄޕࠆߓ↢߇ਛ㓸ߩߺߕ߭⋚࿾ߦ㑆ߩߣ〝▤ߟᜬࠍᐲⷺ޿ㄭ
ޕࠆߥߊ㜞߇㊂ߒ಴߮િߢㇱᦛዮ〝▤ߪߦ⊛ᧄၮޔ߇ࠆߔൻ
୯ᢙߚߒ␜ߢ㧕3㧔┨2ޔߪߺߕ߭ᄢᦨߩ▤ౝޕࠆ޿ߡߒ␜ࠍߺߕ߭▤ౝߩᲤὐ▵኿౉ߩേᵄ㔡࿾ޔߪ41࿑
Ⴏలޕߚߒቯ▚ߦ⊛ᤃ◲ߢᑼ㧕3㧔ࠆߔ᩺ឭߢ⺰ᧄޔߦ߼ߚ޿ߥߢ⊛↪ታ߇ߣߎࠆߔᣉታߢ▤㈩రᰴ3ࠍᨆ⸃
ഀᄢᦨߩ㊎ᜰࠬࠟޔߊߴߔᘦ⠨ࠍઙ᧦޿ߥࠇߐ▤㈩ߦߋ⋥⌀ߦౝ▤ᄖޔߪ Wജ᛫ᛶᡂ៺ߩ㑆▤ౝߣ࡞࠲࡞ࡕ
EPmm002Ǿᓘ߮๭ࠆ޽ߢ▤ౝޔᨐ⚿ߩߘޕߚߒߣ2mm/N4330.0ߩ୚2ߩ୯ᄢᦨ᷹ታޔߡߒᘦ⠨ࠍ2ᢙଥߒჇࠅ
ߩߢᘒ⁁ߚࠇߐ⸳ၒߦ⋥߇▤EPޔߒ᜚Ḱߦᴺ⸘⸳㔡⠴ߩ▤↢ᦝ↪㆏᳓ਅޕߚߞߥߣ㧑2.1ߪߺߕ߭ᄢᦨߩ▤
ޕࠆ޿ߡ߃ਈࠍᨐ⚿ߩ୚2⚂ߩߘߪ୯▚⸘ࠆࠃߦᴺᧄޕࠆ޽ߢౝએ㧑76.0ߺߕ߭⋚࿾ߪߺߕ߭૕▤ߩ▤㈩✢⋥
ଥ㑐ߩ㊂ߒߛ߮િᚻ⛮▤ᄖߣᐲⷺ኿౉࡮⟎૏኿౉ߩേᵄ㔡࿾ 31࿑
਄な
ኹ㗿ᧄ᧲
࡞࠺ࡕరᰴ3ߩ㆏᳓ኹ㗿ᧄ 21࿑
 ὐ࿾ࠣࡦ࡝࡯ࡏ
࿑ࠣࡦ࡝࡯ࡏߩㄭઃᯅᄢ᧦੖ 11࿑
 05   03    01 ୯N
㪇
㪇㪈
㪇㪉
㪇㪊
㪇㪋
㪇㪌
㪇㪍
㪈㪈 㪇㪈 㪐 㪏 㪎 㪍 㪌 㪋 㪊 㪉 㪈
ภ⇟ὐ▵኿౉䈱േᵄ㔡࿾
ᄖ
▤
⛮
ᚻ
䈱
િ
䈶
㊂
㫄䋨
㫄
䋩
㫦㪇
㫦㪌㪋
㫦㪇㪐
㫦㪌㪊㪈
㫦㪇㪏㪈
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8࿑14 ࿾㔡ᵄേߩ౉኿૏⟎࡮౉኿ⷺᐲߣౝ▤߭ߕߺ㊂ߩ㑐ଥ
ਅ᳓㆏↪ᦝ↢▤ߢߪޔᄖ▤ߩሽ࿷ࠍήⷞߒߡ߅ࠅޔ߹ߚ3ᰴర⊛㈩▤ࠍ⠨ᘦߒߡ޿ߥ޿ޕᧄ⺰ߢ↪޿ߚ⸘
▚ᴺߪޔߎࠇࠄߩ᧦ઙࠍൊ᩺ߒߡ޿ࠆߚ߼ޔ㜞޿ౝ▤߭ߕߺࠍ▚಴ߒߡ޿ࠆޕߒ߆ߒߥ߇ࠄޔPE▤ߩ⸵ኈ߭
ߕߺߪ࡟ࡌ࡞2࿾㔡േኻᔕߢ6.0㧑ߢ޽ࠅޔߎࠇߣᲧセߔࠆߣᧄ㗿ኹ᳓㆏ࠍPE▤Pipe-in-PipeᎿᴺߢᦝ↢ߒߚ႐
วߩౝ▤ߪޔචಽߥ⠴㔡ᕈߩࠍ଻᦭ߒߡ޿ࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕ

㧡㧚߹ߣ߼
 ᧄⓂߢߪޔㄭઍᱧผㆮ↥ߣߒߡߩଔ୯߇㜞ߊߘߩ଻ሽ߇ᦸ߹ࠇޔ߹ߚᯏ⢻ࠍ࿁ᓳߔࠆߎߣߦࠃࠅ᧲ᧄ㗿
ኹ࡮㒐ἴᶖἫᣉ⸳ߩࡃ࠶ࠢࠕ࠶ࡊᣉ⸳ߣߒߡߩᯏ⢻߇ᦼᓙߐࠇࠆᧄ㗿ኹ᳓㆏ࠍኻ⽎ߣߒߡޔߎࠇࠍPE▤
Pipe-in-PipeᎿᴺߢᦝ↢ߒߚ႐ว⠴㔡ᕈ⢻ߦߟ޿ߡᬌ⸛ߒߚޕᓧࠄࠇߚ⚿ᨐࠍએਅߦⷐ⚂ߔࠆޕ
Ԙ లႯࡕ࡞࠲࡞㧙ౝ▤㑆ߩ៺ᡂᛶ᛫ജ․ᕈࠍᄖ▤⛮ᚻߩિ߮ᛶ᛫․ᕈߣߒߡਈ߃ࠆߎߣߢޔౝ▤ߩሽ࿷
ࠍ⠨ᘦߒߚᄖ▤ߩ࿾㔡ᤨᔕ╵⸘▚ࠍⴕߞߚޕ
ԙ Pipe-in-PipeᎿᴺߢߩᄖ▤ߩᔕ╵ࠍ᳞߼ࠇ߫ޔౝ▤ߩᦨᄢ߭ߕߺࠍ◲ᤃ⊛ߦ▚ቯߔࠆߎߣ߇಴᧪ࠆ⸘▚
ࡕ࠺࡞ࠍឭ᩺ߒߚޕᧄࡕ࠺࡞ߦࠃࠆ⸘▚୯ߪޔ⋥✢▤〝ࠍኻ⽎ߣߒߚ⸃ᨆ୯ߦኻߒߡ߿߿㜞߼ߩ߭ߕ
ߺ୯ࠍ▚಴ߔࠆߚ߼ޔ◲ᤃ⊛ߥ⠴㔡್ᢿߦߪචಽߦㆡ↪ߢ߈ࠆߣ⠨߃ࠆޕ
Ԛ ᧄ㗿ኹ᳓㆏ߩᔕ╵⸃ᨆࠍⴕ޿ޔߘߩ⚿ᨐߣߒߡᓧࠄࠇߚ㍌㋕▤⛮ᚻㇱߩિ❗㊂߆ࠄޔPipe-in-PipeᎿᴺ
ߢᣉᎿߐࠇߚౝ▤㧔PE▤㧕ߩᦨᄢ߭ߕߺࠍޔᧄⓂߢឭ᩺ߔࠆ◲ᤃ⸘▚ᑼߦࠃࠅ▚ቯߒߚޕߘߩ⚿ᨐޔ
ᦨᄢ߭ߕߺߪ1.2㧑⒟ᐲߢ޽ࠅޔ࡟ࡌ࡞2࿾㔡േࠍኻ⽎ߣߒߚPE▤ߩ⸵ኈ߭ߕߺ6.0%ࠍਅ࿁ࠅޔචಽߥ
⠴㔡቟ోᕈࠍ᦭ߔࠆߎߣ߇ᬌ⸽ߐࠇߚޕ

ෳ⠨ᢥ₂
1) ␠࿅ᴺੱᣣᧄਅ᳓㆏දળ㧦▤߈ࠂᦝ↢Ꮏᴺߦ߅ߌࠆ⸳⸘࡮ᣉᎿ▤ℂࠟࠗ࠼࡜ࠗࡦ㧔᩺㧕㧘20011㧚
2) ␠࿅ᴺੱᣣᧄࠟࠬදળ㧦ਛૐ࿶ࠟࠬዉ▤⠴㔡⸳⸘ᜰ㊎㧘2004㧚
3) ⽷࿅ᴺੱ࿾㔡੍⍮✚ว⎇ⓥᝄ⥝ળ㧦࿾ਅ᭴ㅧ‛ߩ࿾⋚ᄌ⁁ኻ╷ߦ㑐ߔࠆ⺞ᩏ⎇ⓥ㧘1987㧚
4) ␠࿅ᴺੱᣣᧄ᳓㆏දળ㧦᳓㆏ᣉ⸳⠴㔡Ꮏᴺᜰ㊎࡮⸃⺑㧘2009㧚.
5) 㜞↰⥋㇢㧦࡜ࠗࡈ࡜ࠗࡦ࿾㔡Ꮏቇޔ౒┙಴ ᩣᑼળ␠ޔ1991㧚
6) ␠࿅ᴺੱᣣᧄਅ᳓㆏දળ㧦ਅ᳓㆏ᣉ⸳ߩ⠴㔡ኻ╷ᜰ㊎ߣ㐿⸳ޔ2006㧚
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